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(54) [Title of the invention] Ion guide, and mass spectrometer using same 
(57) [Abstract] 

[Object] It is an object of the present invention to provide an ion guide which is both 
compact, and easy to assemble and adjust, and a mass spectrometer which makes use of such 
an ion guide. 

[Structure] The ion guide comprises electrode patterns 1 1, 12 formed on a flexible substrate 
30, which is supported by means of a cylindrical retaining member 10. 

[Claims] 

[Claim 1] An ion guide characterised in that electrode patterns are formed on a flexible 
substrate, which is supported on a cylindrical base member. 
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[Claim 2] A mass spectrometer wherein ions generated in an ion chamber are guided through 
an ion guide into a mass separator for separation in the prescribed manner and thence into a 
detector for analysis, characterised in that the ion guide comprises electrode patterns formed 
on a flexible substrate, which is supported on a cylindrical base member. 

[Detailed description of the invention] 
[0001] 

[Field of industrial application] The present invention relates to an ion guide which is used to 
converge and transport ions within a vacuum, and to a mass spectrometer wherein the ion 
guide is used to guide ions into a mass separator and thence into a detector for analysis. 
[0002] 

[Prior art] Mass spectrometers ionise substances for measurement under vacuum or at 
atmospheric pressure the substances, separate the resultant ions according to differences of 
mass, and guide the ions after separation into a detector for analysis. In a mass spectrometer, 
the mass analysis chamber where the ions are separated and detected is at some distance from 
the ionisation chamber where the ions are generated. Accordingly, it is necessary to transport 
the ions to the mass analysis chamber. If mass analysis is to be implemented with a high 
degree of resolution and sensitivity, it is vital to consider how best to transport the ions within 
a vacuum. In other words, they must be guided from the ionisation chamber to the mass 
analysis chamber with as little loss as possible. 

[0003] Various attempts have been made to minimise loss during ion transport. One of these 
involves the use of an ion guide. In conventional mass spectrometers which employ an ion 
guide, the substances for measurement are ionised at atmospheric pressure, after which the 
resultant ions are guided into the mass analysis chamber under vacuum, and analysed with 
the aid of liquid chromatography as illustrated in Fig. 13. In the device depicted in the 
drawing, 110 is the ionisation chamber (at atmospheric pressure), 111 is a nozzle which 
serves to ionise the sample by spraying the eluate in which it is contained from the separation 
column of the liquid chromatograph, high voltage being impressed on it from a power source 
not depicted in the drawing. 112 is a first intermediate chamber in which a state of low 
vacuum is maintained with the aid of a rotary pump (RP). 113 is a heated capillary tube 
connecting the ionisation chamber 110 and the first intermediate chamber 112 through a 
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separating partition. This is promotes desolvation of ion droplets passing though it thanks to a 
heating mechanism not depicted in the drawing. 1 14 is a deflector electrode for the purpose 
of adjusting the direction in which the ions advance, while 115 is a second intermediate 
chamber which is kept in vacuum state with the aid of a turbomolecular pump (TMP). 1 16 is 
a cylindrical skimmer with an orifice at the top, 1 17 is an ion guide, 1 18 is the mass analysis 
chamber which is kept in vacuum state with the aid of a turbomolecular pump (TMP), 1 19 is 
a quadrupole mass separator, and 120 is the detector. 

[0004] Ion droplets ionised by virtue of the nozzle 1 1 are drawn into the heated capillary 
tube 113 as a result of the pressure differential between the ionisation chamber 110 and the 
first intermediate chamber 1 12. As they pass through this tube, they are desolvated and enter 
the first intermediate chamber 1 12 as fine ions. In the first intermediate chamber 1 12 they are 
converged by the deflector electrode, while the direction in which they advance is adjusted so 
that they head towards the orifice in the skimmer 116. They then pass through the skimmer 
116 and are guided into the ion guide 117. 

[0005] The ion guide 1 17 is connected to an AC (or DC + AC) power supply nor depicted in 
the drawing, and converges the ions as they pass through the vacuum by means of an electric 
field formed by impressing voltage. On the downstream side of the ion guide 1 17 the ions are 
guided into the quadrupole mass separator 1 19 within the mass analysis chamber 1 18. In this 
manner the ions are converged as they are transported within a vacuum along the ion guide 
117, accelerated or decelerated as necessary, and guided effectively into the mass analysis 
chamber. 

[0006] Various configurations of the ion guide 117 have been proposed, some of which have 
ring-shaped electrodes arranged along their length, while others have spiral electrodes. One 
of the simplest configurations is a multipole ion guide equipped with a plurality of electrode 
rods. Fig. 10 illustrates the configuration of an octapole ion guide as an example of the 
conventional multipole variety. In the drawing, 11 are A rods, while 12 are B rods. The A 
rods and B rods are of the same shape, and there are four each of them. They are arranged 
alternately at regular intervals around the circumference centring on and parallel with the ion 
axis X. 

[0007] 13 is an A ring, which is connected electrically to the four A rods 11. Fig. 1 1 is a 
view from the direction of the ion axis illustrating the manner in which the A rods 1 1 and the 
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A ring 13 are connected. An L-shaped terminal 18 is welded to each A rod 11, and the 
position of each A rod 1 1 is determined by virtue of the fact that the terminals 18 are fixed to 
the A ring 13 with bolts not depicted in the drawing. Similarly, 14 is a B ring which is 
connected electrically to the four B rods 12. Fig. 12 is a view from the direction of the ion 
axis (the opposite direction from Fig. 10) illustrating the manner in which the B rods 12 and 
the B ring 14 are connected. An L-shaped terminal 19 is welded to each B rod 12, and the 
position of each B rod 12 is determined by virtue of the fact that the terminals 19 are fixed to 
the B ring 14 with bolts not depicted in the drawing. As may be seen in Fig. 10, the A ring 13 
and the B ring 14 are fixed with an insulating ring 15 between in such a manner as to be 
electrically insulated. The rod-holding member comprising the A ring 13, insulating ring 15 
and B ring 14 is one of a pair: the other is located at the opposite end of the rods, and is not 
depicted in the drawing. These rod-holding members serve to hold the octapole ion guide 
together as a single structure. 

[0008] The structure is so configured that voltage is impressed on both the A ring and the B 
ring from a power source not depicted in the drawing. Through these rings AC voltage is 
impressed on the rods 11, 12 in such a manner that the potentials of adjoining electrodes are 
reversed. Thus, ions transported in the direction of the ion axis are affected by the electric 
field as they pass through the spaces within the ion guide and oscillate at a given frequency, 
thus making it possible to converge them and guide them to the next stage. 
[0009] 

[Problem which the invention seeks to solve] In order to form an ion guide of the type 
described above, it is necessary to hold a plurality of rods (for example, eight) together as a 
single structure. What is more, if AC voltage is to be impressed to cause the ions to oscillate 
as they pass through, it must be impressed in such a manner that the potentials of adjoining 
electrodes are reversed. This can only result in a complex mechanism. Moreover, assembling 
the ion guide requires a great deal of expertise because it is impossible to guarantee correct 
transport of the ions along the ion axis unless strict axial symmetry between the rods is 
maintained. Furthermore, the rods need cleaning and maintaining, and great care must be 
taken to avoid the any alteration to the relative positions of the electrodes which might render 
it necessary to readjust the ion guide. Finally, it is desirable that the internal spaces in the ion 
guide through which the ions pass be as small as possible, and there are limitations to the 
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extent to which compactness can be achieved in the face of the retaining mechanism which is 
described above. 

[0010] It is an object of the present invention to provide an ion guide which is both compact, 
and easy to assemble and adjust, and a mass spectrometer which makes use of such an ion 
guide. 

[Means of solving the problem] The ion guide to which the present invention pertains has 
been devised with the aim of solving the abovementioned problems, and is characterised in 
that electrode patterns are formed on a flexible substrate, which is supported on a cylindrical 
base member. 

[0012] Meanwhile, the mass spectrometer to which the present invention pertains, being one 
wherein ions generated in an ion chamber are guided through an ion guide into a mass 
separator for separation in the prescribed manner and thence into a detector for analysis, is 
characterised in that the ion guide comprises electrode patterns formed on a flexible substrate, 
which is supported on a cylindrical base member. 
[0013] 

[Embodiments of the invention] There follows a more detailed description of the present 
invention with the aid of embodiments. Fig. 1 is a drawing to illustrate the outline structure of 
the ion guide to which the first embodiment of the present invention pertains when 
assembled; Fig. 2 is a drawing to illustrate the flexible substrate used in the ion guide 
depicted in Fig. 1 opened out and viewed from the front; Fig. 3 is a drawing to illustrate the 
flexible substrate used in the ion guide depicted in Fig. 1 opened out and viewed from the 
back; and Fig. 4 is a drawing to illustrate the flexible substrate used in the ion guide depicted 
in Fig. 1 when formed into a cylinder. 

[0014] In Fig. 2, 30 is a rectangular flexible substrate with electrical insulation properties. 
It must be sufficiently pliable to allow it to be formed into a cylinder as described below, and 
a suitable material is capton film. On the front of the flexible substrate 30 are formed four 
each of the electrode patterns 11, 12. This may be achieved by using sputtering or vacuum 
deposition techniques while masking the surrounding areas, or by applying silver paste. The 
electrodes 11, 12 are in the shape of strips spaced at equal intervals in the 6 direction in such 
a manner that when the flexible substrate 30 is formed into a cylinder so that the edges 31, 32 
in the z direction come into contact with each other, all the electrodes 11, 12 are seen to be 
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arranged at equal intervals on the circumference. Each of the four electrodes 11 has a 
perforation 21, while each of the four electrodes 12 has a perforation 25, and are connected 
electrically to a connecting electrode formed on the back of the flexible substrate 30 as 
explained below. 

[0015] As may be seen from Fig. 3, a connecting electrode 22 is formed on the back of the 
flexible substrate 30 in such a manner as to connect the four perforations 21. Similarly, a 
connecting electrode 26 is formed in such a manner as to connect the four perforations 25. 
The perforations 21, 25 are the same as the perforations 21, 25 in Fig. 2. It should be noted 
that when the flexible substrate 30 is formed into a cylinder, the end sections 24A, 24B of the 
connecting electrode 22 come into contact, as do the end sections 28 A, 28B of the connecting 
electrode 26. Accordingly, continuity is achieved on the one hand between the four electrodes 
1 1 and on the other hand between the four electrodes 12 through their respective connecting 
electrodes, ensuring that the potential is the same. On the back of the flexible substrate 30 are 
further formed lead-in electrodes 23, 27 which are electrically connected from the connecting 
electrodes 22, 26 respectively. One end of each of these reaches to the end of the flexible 
substrate 30 in the 6 direction to form the end sections 23A, 27A, where they are connected 
to external terminals not depicted in the drawings. 

[0016] Fig. 4 is a drawing to illustrate the flexible substrate used in the ion guide depicted in 
Fig. 1 when formed into a cylinder. On the inner surface of the cylinder are formed the strip- 
shaped electrodes 11, 12 spaced at equal intervals along the length of the cylinder. On the 
outer surface of the cylinder are formed the ring-shaped connecting electrodes 22, 26. An 
electrode 21 A on the wall of the perforation is connected at the perforations 21, 25 as the 
enlarged cross-section below Fig. 4 demonstrates. It should be added that this electrode 21 A 
may be formed by sputtering or vacuum deposition at the same time as the electrode 1 1 and 
others, but in the interests of ensuring electrical connection of electrodes on the front and 
back of the flexible substrate it is also possible to apply silver paste afterwards. 
[0017] As may be seen from Fig. 1, the flexible substrate is fashioned into a cylinder by 
bringing sides 3 1, 32 into contact to form side 33. This is then fixed on to the inner surface of 
the base member 10, which is also cylindrical in shape. Silver paste may be applied to the 
area around side 33 with a view to ensuring electrical connection between the ends 24A, 24B 
of the connecting electrode 22, and the ends 28 A, 28B of the connecting electrode 26. 
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[0018] The base member 10 must have insulation properties, and must not be subject to 
thermal or mechanical deformation, for which reason a glass or Teflon™ pipe is most 
suitable. 

[0019] It should be added that with a view to facilitating connection to an external power 
source the ends 23 A, 27 A should protrude slightly from the edge of the base member 10. The 
flexible substrate 30 is fitted in such a manner that the electrodes 11, 12 are spaced at equal 
intervals around the inner circumference of the cylinder. 

[0020] Lead-in electrodes 23, 27 and connecting electrodes 22, 26 are formed between the 
outer surface of the flexible substrate 30 and the inner surface of the base member 10 as the 
dotted lines in Fig. 1 indicate, and voltage is supplied by way of these and the perforations 
21, 25 to the electrodes 11,12. The flexible substrate 30 may be attached to the base member 
10 with a suitable adhesive or bond. 

[0021] An octapole ion guide of this type is like a flat version of the conventional rod-type 
(cylindrical) electrodes, and optimisation of the width and spacing of the pattern makes it 
capable of generating an electric field equivalent to that of a conventional octapole ion guide. 
[0022] Figs. 5, 6 and 7 illustrate another embodiment of the present invention. In Fig. 5 the 
flexible substrate is opened out and viewed from the front, and in Fig. 6 from the back, while 
Fig. 7 depicts it fashioned into a cylinder. 

[0023] As may be seen from Fig. 5, in this example a strip pattern of electrodes 41-45 is 
formed at fixed intervals in the z direction on the flexible substrate 30. Each of the electrodes 
41-45 has a perforation 46-50. As Fig. 6 demonstrates, the perforations 46-50 are connected 
electrically by way of connecting electrodes 51-54, which may conduct well or may have a 
resistive component. Either way, the electrode patterns can easily be formed by sputtering or 
vacuum deposition. If it is desired to provide a resistive component, a material with a high 
resistivity may be selected to form the pattern, or alternatively the same effect may be 
achieved by reducing the thickness and width in that section. Of the five perforations 46-50 
the two outermost ones 46, 50 are provided with lead-in electrodes 58, 59 which can be 
connected to the terminals of an external power source at the ends 58A, 59A of the flexible 
substrate 30. 
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[0024] It should be added that if the connecting electrodes are given a resistive component, it 
is possible to impart a DC voltage gradient between electrodes, thus making it simple to 
accelerate or decelerate the ions. 

[0025] Figs. 8 and 9 illustrate yet another embodiment of the present invention pertains. In 
Fig. 8 the flexible substrate is opened out and viewed from the front, while in Fig. 9 it has 
been formed into a cylinder. 

[0026] As may be seen from Fig. 8, in this example a strip pattern of electrodes 61-68 is 
formed at fixed intervals in the z direction on the flexible substrate 30. The electrodes 61-68 
are not at right-angles to the z direction but are inclined obliquely to it, so that when the 
flexible substrate is formed into a cylinder in the 6 direction, one end 61B of the electrode 61 
and one end 62A of the electrode 62 come into contact with each other. In the same manner, 
one end 62B of the electrode 62 comes into contact with one end 63 A of the electrode 63, and 
so on with the result that they form a single spiral electrode as illustrated in Fig. 9. One end 
61 A of the electrode 61 comes at the left-hand edge of the flexible substrate 30, while one 
end 68B of the electrode 68 comes at the right-hand edge, and it is here that they can be 
connected to terminals of an external power source. 

[0027] In all the above examples of the ion guide, connections with the external power 
source have been effected in the vicinity of the edge of the flexible substrate 30. However, it 
is also possible to create perforations in the base member 10 in such a manner that they are 
over the connecting electrodes or the perforations on the back of the flexible substrate 30, in 
which case voltage can be impressed directly through these perforations in the base member, 
and there is no need for any lead-in electrodes. Electrodes formed in this manner produce the 
same effect as a conventional ion guides with spiral electrodes. 
[0028] 

[Effect of the invention] As has been explained above, the ion guide to which the present 
invention pertains is characterised by having electrode patterns formed on a flexible 
substrate, which is then shaped into a cylinder and held in position. This means that there is 
no need to use any retaining member or bolts when assembling it. Moreover, there is no need 
for any adjustment. The resultant ion guide has a narrow diameter, which allows for more 
effective convergence of the ions passing through it. 
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[Brief description of the drawings] 

[Fig. 1] is a drawing to illustrate the outline structure of the ion guide to which the first 
embodiment of the present invention pertains when assembled; 

[Fig. 2] is a drawing to illustrate the flexible substrate used in the ion guide depicted in Fig. 1 
opened out and viewed from the front; 

[Fig. 3] is a drawing to illustrate the flexible substrate used in the ion guide depicted in Fig. 1 
opened out and viewed from the back; 

[Fig. 4] is a drawing to illustrate the flexible substrate used in the ion guide depicted in Fig. 1 
when formed into a cylinder; 

[Fig. 5] is a drawing to illustrate the flexible substrate used in the ion guide to. which another 

embodiment of the present invention pertains opened out and viewed from the front; 

[Fig. 6] is a drawing to illustrate the flexible substrate used in the ion guide to which another 

embodiment of the present invention pertains opened out and viewed from the back; 

[Fig. 7] is a drawing to illustrate the flexible substrate used in the ion guide depicted in Fig. 5 

when formed into a cylinder; 

[Fig. 8] is a drawing to illustrate the flexible substrate used in the ion guide to which yet 
another embodiment of the present invention pertains opened out and viewed from the front; 
[Fig. 9] is a drawing to illustrate the flexible substrate used in the ion guide depicted in Fig. 8 
when formed into a cylinder; 

[Fig. 10] is a drawing to illustrate the structure of a conventional ion guide; 

[Fig. 11] is a drawing to illustrate the relationship between the A rod and A ring in the ion 

guide depicted in Fig. 10; 

[Fig. 12] is a drawing to illustrate the relationship between the B rod and B ring in the ion 
guide depicted in Fig. 10; and 

[Fig. 13] is a drawing to illustrate the overall structure of a mass spectrometer using an ion 
guide. 

[Explanation of the codes] 
10 Base member 

11, 12 Electrode 

21 Perforation 

» 

22 Connecting electrode 
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23 Lead-in electrode 

23 A End section 

25 Perforation 

26 Connecting electrode 

27 Lead-in electrode 
27 A End section 

30 Flexible substrate 

111 Nozzle 

112 First intermediate chamber 

115 Second intermediate chamber 

116 Skimmer 

117 Ion guide 

118 Mass analysis chamber 

119 Quadrupole 

120 Detector 
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